were offered to them as gifts (Schorger 1966:3-10, 354-364; Tyler 1991 Tyler [1979 :74-75). As turkeys represent the Earth and the Dead in Pueblo mythology, most of the ethnographic literature on domestic turkeys of the Southwest focuses on their role as a ritual bird (Gnabasik 1981; Parsons 1939:22, 489; Tyler 1991 Tyler [1971 :83-85). Pueblo groups have historically harvested domestic turkeys' feathers for use in ceremony, and, perhaps with the exception of Taos, held taboos against eating them (Parsons 1939:22) . In contexts dating to between A.D. 200 and 1300, turkeys become an increasingly large component of faunal assemblages in ancestral Puebloan sites within the San Juan Basin. This trend likely derives from an intensification of turkey domestication, as there is considerable evidence for turkey captivity at these sites (Reed 2006:149, 223) including one study of the microstructure of egg shell recovered from Salmon Pueblo that confirmed they were hatched in situ (Beacham and Durand 2007) .
The florescence of turkey domestication is more easily documented than explained, but it may have been tied to a complex process involving anthropogenic alterations to the environment, which favored the use of domesticated turkeys as a reliable source of high quality protein. Driver (2002) and later Badenhorst and Driver (2009) examined changes in lagomorph, artiodactyl, and turkey indices from Basketmaker II through Pueblo III (A.D. 1-1300) sites in the San Juan Basin, revealing trends that are consistent with an ecological model of growth and decline in populations of predators (humans) and different types of prey (cottontails, jackrabbits, artiodactyls, and turkeys). According to this model, cottontail populations near human settlements were favored over jackrabbit populations by the habitat created from intensified agriculture, while the growth and aggregation of human populations resulted in the depletion through overhunting of high-ranked prey (artiodactyls), creating the need for a new, more reliable source of animal protein, and resulting in the cultural adaptation of intensified use of domestic turkeys. In accordance with this model, trends of an increasing turkey index (TI) from the Pueblo II to the Pueblo III period were observed in the Northern San Juan region (Badenhorst and Driver 2009 :1837 -1838 ). The TI is computed by dividing the number of identified specimens present (NISP) of turkey bone by the sum of the NISP of turkey bone and the NISP of lagomorph bone so that TI = turkeys/(turkeys + lagomorphs).
However, this trend is chiefly localized to the Northern San Juan Region; other regions within the San Juan Basin had overall lower TIs and a less pronounced trend of increasing TI from Pueblo II to Pueblo III. One possible explanation for this observation is that lower elevation regions of the central San Juan Basin were less suitable for wild turkeys (Badenhorst and Driver 2009:1838) .
While there is significant archaeological evidence for the presence of turkey domestication, analyzing the number of turkey bones in archaeological assemblages cannot, by itself, produce any knowledge about domestication. Furthermore, the fact that TIs tend to be higher in the regions of the San Juan Basin where turkeys have a natural habitat points to the possibility that not all of the birds were domesticated. A mitochondrial DNA analysis by Speller et al. (2010) of archaeological turkey bones and coprolites in the American Southwest revealed two separate maternal lineages, both themselves separate from the lineage of the Mexican wild turkey (Meleagris gallopavo gallopavo), which was exploited prehistorically in Mesoamerica and presently in industrial societies. Speller et al. (2010 Speller et al. ( :2809 suggested that the less genetically variable of the two lineages was born out of a population bottleneck, and was likely a domesticated breed, while the other group was probably from a wild population. Nott (2010) did not, however, find a significant difference between the two haplogroups in botanical composition of coprolites from Turkey Pen Cave. Thus, the two apparent turkey lineages have not been correlated with any patterns in the archaeological record.
The composition of turkeys' diets is relevant to the issue of domestication because presence of maize in the diets would show that they lived in close proximity to human agricultural products. It is also relevant to how we understand ancestral Puebloan life ways and evolution. As the turkey may have been an important protein source for ancestral Puebloan societies, the question of whether the turkeys consumed maize needs to be answered to determine their position within hypothetical systems of food acquisition, which are relevant to models of human population growth and decline. For example, Bocinsky (2011) showed through agent-based models that the use of domestic turkeys could have been related to the abrupt abandonment that occurred across the Northern San Juan region ca. A.D. 1300. He (Bocinsky 2011:98) posited an "avicultural trap model" in which "a feedback loop between turkey, maize yields, and human population growth amplified to the point where the Pueblo subsistence system was unable to respond to climate-induced reduction in agricultural yield." The usefulness of models such as this depends on evidence that turkey populations were present within the feedback loop-in other words, that they ate maize. Changes through time in the degree to which turkeys relied on maize could thus be linked to other changes, such as migrations, population growth, or changes in subsistence strategies such as those suggested by Badenhorst and Driver (2009) .
Study Area
The Middle San Juan region, also known by its Navajo name, Totah (Reed 2008:3) , is the area around the San Juan River in northwestern New Mexico and parts of southern Colorado, southeastern Utah, and northeastern Arizona. The region encompasses a complex of Chacoan outlier communities, including two well-known Great Houses, Salmon Pueblo and Aztec's West Ruin, which lie about 75 and 100 km, respectively, to the north of Chaco Canyon (Figure 1 ). Salmon and Aztec were constructed at the height of the Chaco Phenomenon, and along with Mesa Verde to the north, became centers of population aggregation in the post-Chacoan (Pueblo III) period (Cordell 1997:340-348; Irwin-Williams 2006 [1980 :17). Ancestral Puebloans inhabiting the Middle San Juan region are thought to have used the permanent water sources-the San Juan, La Plata, and Animas rivers-for flood plain agriculture (Martin et al. 2001:6-7; Reed 2006) . In this regard, the Middle San Juan region is set apart from other ancestral Puebloan population centers like Chaco Canyon or the Mesa Verde area, where permanent water sources were scarce and "dry" farming techniques, such as the use of check dams and terraces to catch rainfall, were common (Cordell 1997:284; Hayes 1964:28-29) . Wild turkeys are known to require a good deal of water, and are typically found no more than one mile from a water source (Schorger 1966:177-178; Spicer 1959:24) . In New Mexico, they are thought to have "originally" ranged primarily in mountainous areas along wooded streams (Schorger 1966:233-234) . For this reason, turkeys would have been unlikely to have ranged near human settlements in Chaco Canyon (Akins 1987:482) , or any lowland ancestral Puebloan settlement, without relying on the humans' agricultural yields and water catchments. However, because the Middle San Juan region hosts perennial water sources, it is possible that Merriam's wild turkey (Meleagris gallopavo merriami) inhabited the region prehistorically without being entirely reliant on humans. Although Badenhorst and Driver (2009) showed that the trend of an increasing TI from Pueblo II to Pueblo III was mainly localized to the Northern San Juan region, the same trend is observed at the Middle San Juan sites targeted by this study: Salmon Pueblo (LA 8846), the Tommy Site (LA 126581), and the Box B Site (LA 16660)( Table 1) . Salmon Pueblo's Pueblo III TI is triple that of its Pueblo II TI. The TI of the Box B site is lower than that of Salmon Pueblo, but still increases through time. The Tommy Site lacks a Pueblo III component, but has a similar TI to that of the Pueblo II component of Salmon Pueblo.
Salmon Pueblo was buried on an alluvial terrace near the San Juan River, about nine miles from Farmington, New Mexico until the 1970s when it was extensively excavated under the direction of Cynthia Irwin-Williams. The Tommy Site is part of an area called the Point Community, located near the San Juan River on the B-Square Ranch, about fifteen kilometers (9.3 miles) downstream from Salmon Pueblo, and was occupied during the late Pueblo I and Pueblo II periods (A.D. 800-1150). The third site targeted by this research, the Box B Site, is also located on the B-Square Ranch roughly half way between Salmon Pueblo and the Tommy Site. Box B is also a small residential pueblo located near the flood plain of the San Juan River, and part of the Gallegos Community, a collection of small houses surrounding the Chacoan Great House, the Jaquez Site.
In the Pueblo II and Pueblo III periods, the Middle San Juan region shows signs of an uptick in interpersonal violence, and with more female victims than other areas of the San Juan Basin (Martin et al. 2001:82-93) , although the entire Northern San Juan region shows signs of trauma and extreme perimortem processing during these periods (Kuckelman et al. 2000) . While the causes of this turmoil were likely numerous and complex, and a full discussion of them is outside the scope of this paper (see Huckleberry and Billman 1998; Lekson 2002; Varien et al. 2007 ), the commonly accepted narrative of a "convergence of growing populations and abrupt declines in biotic productivity" (Jones et al. 1999: 142) caused by severe drought episodes was one likely cause of the violence, as well as of the subsequent regional abandonment that occurred by A.D. 1300. Ironically, Middle San Juan Puebloans may have experienced abrupt declines in agricultural productivity during these drought events as a result of flooding instead of too little water (Reed 2006:367-368) .
Given the apparent intensification of turkey use in the Pueblo III period, and working with the assumption that this intensification was a solution to a nutritional deficiency experienced by occupants of the Middle San Juan region (sensu Badenhorst and Driver 2009; Driver 2002) , questions about the turkeys' diets can inform us about the role domestic turkeys could have played in the food-related systemic deficiencies that are thought to have been one cause of the regional depopulation. Were the turkeys eating maize? Was it maize that would otherwise have been part of the Puebloan diet? For instance, they could have eaten human fecal waste (Rawlings and Diver 2010:2440) , in which case their effect on the human food supply would have been minimal. This study is intended to test the above questions using stable isotope values from turkey bones, and for differences in turkeys' diets between Pueblo II and Pueblo III, and between the great house, Salmon Pueblo, and the smaller habitation sites, which could lead to new questions about turkeys' role in this turbulent period.
Stable Isotope Analysis
In the late Tertiary period, many species of grass developed a metabolic process that used carbon dioxide more efficiently in arid and hot environments. This process, C 4 carbon fixation, eventually led those grasses to radiate into tropical regions as recently as 10 million years ago (Osborne and Beerling 2006) . C 4 carbon fixation results in the plants' tissues being enriched in the stable isotope 13 C when compared with plants bearing the primitive photosynthetic process, C 3 fixation. C 4 plants, and the animals that feed on them, have elevated 13 C levels in their tissues compared to C 3 plants and feeders. C 4 fixation is found in flora of tropical and arid climates as well as many cultivated plants like maize, sorghum, sugarcane, millet, and amaranth, while vegetation indigenous to temperate climates is typically C 3 -dominated (Katzenberg 2008; Tykot 2006:132-133) . Thus, 13 C/ 12 C ratios in bone apatite and collagen have been interpreted as a signal for prehistoric maize consumption by humans in parts of North America (Hard and Katzenberg 2011; Van der Merwe and Vogel 1978; Watts et al. 2011) , including the Southwest (Coltrain et al. 2007; DeBoer 2007; Spielmann et al. 1990 ).
In the Southwest there are, in addition to maize, indigenous plants with elevated 13 C levels. Amaranth, which is indigenous to the Southwest and was also cultivated prehistorically (Cordell 1997) , is a C 4 plant. However, there are also indigenous geophytes such as agave and yucca that were consumed by humans prehistorically (Cordell 1997:31) . These plants photosynthesize using Crassulacean Acid Metabolism (CAM) and have 13 C values intermediate between those of C 3 and C 4 plants (Tykot 2006:132-133) . The ratio of 13 C to 12 C is expressed using d notation to indicate deviation in per mil (‰) from the Vienna Pee Dee Belemnite (VPDB) fossil. d 13 C is thus an interval level variable. C 3 and C 4 plants are known to have, on average, d 13 C of -26.5‰ and -12.5‰ respectively (Tykot 2006:132) , although there is considerable variation among different species of C 3 and C 4 plants. C 3 and C 4 plants have wide ranges of values depending on the species, and prehistoric maize d 13 C is higher than the C 4 average.
Bone apatite d 13 C (d13C ap ) reflects the average isotopic composition of the entire diet (Ambrose and Norr 1993) , but it is uncertain how high d 13 C ap is elevated from the d 13 C of the diet and what causes variability in this spacing. Various mammals have shown diet-to-apatite spacing (D 13 C ap-diet ) of 8.0‰ to 13.3‰ (Howland et al. 2003; Krueger and Sullivan 1984; Passey et al. 2005) . In the absence of any experimental data for avian D 13 C ap-diet we use this mammalian range to develop expectations for turkey d 13 C ap if they had pure maize, pure C 3 , or mixed diets. There is reason to believe avian D 13 C ap-diet falls within this range because similar spacing in the d 13 C of diet and collagen has been observed in birds and mammals (DeNiro and Epstein 1978; Hobson and Clark 1992a) . Prehistoric maize samples from archaeological sites in the Northern Southwest have d 13 C ranging from -10.7‰ to -9.3‰, while C 3 plants from the Western U.S. range in d 13 C from -29.0‰ to -21.2‰ (Coltrain and Leavitt 2002: Table 5 ). Taking the above ranges of maize and C 3 plants and the range of diet-apatite spacing known in mammals, we predict a turkey that consumed 100 percent maize could have d 13 C ap between -2.7‰ and +4.0‰, and a turkey that consumed 100 percent C 3 plants could have d 13 C ap between -21.0‰ and -7.9‰. A d 13 C ap result between -7.8‰ and -2.8‰ would exclude the possibility of a pure C 3 or pure maize diet.
Experimental studies have shown that bone collagen d 13 C (d 13 C co ) is not as strongly correlated with d 13 C of the entire diet as is d 13 C ap , especially when the diet has different isotopic values in its protein, lipid, and carbohydrate components (Kellner and Schoeninger 2007:1119) . Animals with monoisotopic diets, however, will have d 13 C co that is elevated by roughly 5.1‰ from the d 13 C of the diet (DeNiro and Epstein 1978; Van der Merwe and Vogel 1978) . A diet that has mixed isotopic signatures in its protein, carbohydrate, and lipid components will cause according variability in the offset between collagen and diet d 13 C, resulting in fractionation as high as +10.2‰ or as low as +2.0‰ (Ambrose and Norr 1993; Jim et al. 2006) .
To isolate this source of variability, some scholars have used the spacing between d 13 C co and d 13 C ap (D 13 C co-ap ) to model diets with C 3 protein and C 4 non-protein, and vice versa (Clementz et al. 2009; Lee-Thorp et al. 1989 ). Kellner and Schoeninger (2007) developed a way to model diets with C 3 and C 4 protein and varied carbohydrate and collagen values using apatite-collagen d 13 C spacing. Plotting d 13 C ap against d 13 C co from experimental fauna, they found that animals that ate C 3 protein closely fit the line y = 1.74x + 21.4 (r 2 = .95) while animals that ate C 4 protein closely fit the line y = 1.71x + 10.6 (r 2 = .80) regardless of the d 13 C of the non-protein components of their diets (Kellner and Schoeninger 2007:1122) . The C 3 and C 4 protein regression lines are nearly parallel with a slope around 1.7 but they have different y-intercepts. This model can help isolate the d 13 C of dietary protein that would be missed if one simply examined D 13 C co-ap values, since there is not a one-to-one relationship between d 13 C co and d 13 C ap when only the protein component of the diet is fixed.
The standard used for 15 N/ 14 N ratios is atmospheric nitrogen (AIR), which is set at 0 (Van der Merwe 1982:598). Bone collagen d 15 N is potentially useful in dietary reconstruction because it is determined by a number of dietary components including meat/vegetable ratio, presence of nitrogen-fixing plants such as legumes, and marine versus terrestrial food sources (DeBoer 2007; DeNiro and Epstein 1981; Katzenberg 2008:426-429; Pechenkina et al. 2005; Rawlings and Driver 2010; Schoeninger and DeNiro 1984; Vanderklift and Ponsard 2003) . Like 13 C, 15 N is fractionated as it is transferred up the food chain: in general, plants fall near the lowest end of the range, followed by herbivores and then carnivores, increasing d 15 N by about 3 to 4‰ with each trophic step (Ambrose 1991:297) . However, there is considerable overlap in d 15 N between trophic levels, and considerable differentiation among species within trophic levels (Ambrose 1991:295) , and a meta-analysis found no significant relationship between d 15 N and animal versus plant foods consumed (Vanderklift and Ponsard 2003) . This lack of clarity is further muddied by the fact that dietto-tissue fractionation of 15 N (D 15 N tissue-diet ) can be inflated by heat stress (Ambrose 1991:299) and nutritional stress. An experiment showed that crows (Corvus brachyrynchos, like turkeys an omnivorous species) fed a plant-based diet had bone collagen D 15 N tissue-diet around 7‰ higher than crows fed fish, and this was attributed to nutritional stress caused by the restricted diet (Hobson and Clark 1992a:195) .
Human feces incorporated into turkeys' diet may also influence bone collagen d 15 N. Stable isotope studies of various mammals have shown diet-to-feces fractionation of 15 N (D 15 N feces-diet ) ranging from +1.2‰ to +3.6‰ (Hwang et al. 2007; Steele and Daniel 1978; Sutoh et al. 1987) . Differences in D 15 N feces-diet among different species are poorly understood, but are attributed, possibly, to differences in digestive physiology (Hwang et al. 2007:394) . For this study, the average D 15 N feces-diet of humans will be assumed equivalent to that of pigs (+1.2‰; Sutoh et al. 1987:77) because pigs' digestive physiology is similar to that of humans in that they are non-ruminant mammals.
A stable isotope study by Rawlings and Driver (2010) The sample of 30 turkey elements had d 13 C co ranging from -10.1‰ to -7.7‰ and averaging -9.0 ± 1.1‰, indicating high C 4 consumption, and d 15 N ranging from 5.2‰ to 10.8‰ and averaging 7.7 ± 1.1‰. Turkeys that were closely clustered in both isotopic values were with human burials from Basketmaker II through Pueblo III contexts in the four corners region (Rawlings and Driver 2010:2439) . Rawlings and Driver (2010:2440) concluded that the turkeys were fed C 4 plants "throughout all time periods across the northern Southwestern region," and had diets that included little animal protein, based on d 13 C and d 15 N values.
DeBoer (2007) conducted a dietary reconstruction using 50 human burials from the Middle San Juan region, including 38 from the Tommy Site and 12 from the nearby Pueblo III habitation Mine Canyon Site, prepared and analyzed under the direction of Robert Tykot in the Laboratory of Archaeological Science at the University of South Florida. DeBoer (2007) found no statistically significant difference in d 13 C or d 15 N be-tween males and females, as well as a strong C 4 signal from all of the burials, reporting a mean bone apatite d 13 C of -3.2 ± 0.6‰ and a mean collagen d 13 C of -7.0 ± 0.4‰. These data allow for a region-centered comparison of human and turkey isotopic signatures that could be informative when describing the trophic relationship of the two species.
Materials and Methods
Samples of turkey bones were selected non-randomly with consideration of three factors. First, only bones that were considered optimal or near optimal in preservation for the stable isotope analysis were selected. This meant that they had to be relatively intact and unburned, with portions of thick cortical bone, and a weight close to 1 gram or more. Bones having a waxy or greasy appearance were also preferentially selected as this indicated a higher likelihood that they would yield sufficient collagen. Secondary to the above considerations, an attempt was made to select elements that would maximize the minimum number of individuals (MNI) in the sample. This involved a two-step process of looking for the most common appendicular element, then selecting only specimens of one side, then repeating for the next most common appendicular element. Once considerations of material quality and MNI were taken, an attempt was made to select bones from a wide distribution of structure types, stratigraphic contexts, and occupation events. This type of treatment was not, however, possible for the Box B Site, where only 14 viable specimens were found, all of which were tested.
Specimens from Salmon Ruin and the Box B Site were assigned to the species Meleagris gallopavo by Kathy Durand Gore of Eastern New Mexico University, and specimens from the Tommy Site were assigned species by Erin Enright of Eastern New Mexico University, before they were selected for analysis. The temporal context of each specimen was assigned in accordance with site reports and faunal analyses, which based the dates on stratigraphic association with ceramic assemblages (Enright 2008; Hogan and Sebastian 1991; Reed 2006) . The purpose of trying to sample bones from different structural and behavioral contexts was to ensure that the samples are representative of each site as a whole. However, no predictions about stable isotope results are made here based on any within-site contextual information other than temporal sequence (Pueblo II versus Pueblo III).
Laboratory preparation of the bones was performed by Harlan McCaffery at the University of South Florida Laboratory of Archaeological Science under the direction of Robert Tykot, following the procedures established by Ambrose (1990) with some modifications (Tykot 2004) . Collagen samples were obtained by demineralizing 1 gram fragments of turkey bones in 2 percent hydrochloric acid (72 hrs), base-soluble contaminants were removed using .1 M sodium hydroxide (24 hrs before and after demineralization), and residual lipids were dissolved in a 2:1:.8 mixture of methanol, chloroform, and water (24 hrs). Duplicate dried collagen pseudomorphs were analyzed for d 13 C and d 15 N in continuous flow mode using a Carlo Erba NA2500 analyzer coupled with a Thermo Delta +XL stable isotope ratio mass spectrometer located at USF. C:N ratios and percent collagen yield were used to establish the integrity of collagen samples. Bone apatite samples were prepared using procedures designed to remove non-biogenic carbon without altering the biogenic carbon isotope values (cf. Koch et al. 1997) . Powder bioapatite samples were obtained by drilling from bones cleaned with an ultrasonic cleaner. Approximately 10 mg of powder from each bone were immersed in 2 percent sodium hypochlorite to dissolve organic components (72 hrs). Non-biogenic carbonates were then removed by soaking in 1.0 M buffered acetic acid for 24 hours. The integrity of apatite samples was assessed through yields obtained in each stage of the pretreatment process. Apatite samples were analyzed on a second Thermo Delta +XL stable isotope ratio mass spectrometer equipped with a Kiel III individual acid bath carbonate system. The analytical precision is ± 0.1‰ for d 13 C and ± 0.2‰ for d 15 N.
Results and Discussion
Of the 51 specimens of turkey bone prepared for analysis, d 13 C and d 15 N isotopic values were obtained from 48 apatite and 48 collagen samples. Data were obtained from both the collagen and (Table  2) . These can be compared to the human values (n = 50) from DeBoer's (2007) thesis, which have a mean d 13 C ap of -3.1‰ and a mean d 13 C co of -7.0‰, also indicating a C 4 -heavy diet, but shifted slightly in the C 4 direction for collagen and in the C 3 direction for apatite relative to the turkeys. When the d 13 C ap results are sorted into dietary ranges, 40 turkey specimens (83 percent) fall within the range established above for potentially pure maize-feeders, while eight specimens (17 percent) fall into the range that excludes pure C 4 or C 3 consumption, and none fall into the range of potentially pure C 3 feeders ( Table 3 ). Note that the 40 specimens that potentially fed on 100 percent maize could still have had C 3 components in their diets, but their diets were almost certainly high in C 4 plants and/or animals. The turkey results stand in contrast to the Middle San Juan humans (DeBoer 2007), which included 39 individuals (78 percent) having definitely mixed diets, and only 11 individuals (22 percent) having potentially pure C 4 diets. The 13 C in bone apatite represents the isotopic composition of the whole diet, including protein, lipid, and carbohydrate. Therefore, the d 13 C ap results carry the following implications about turkey and human diet: (1) a significant proportion of both humans and turkeys were mixed feeders; (2) many had diets high in maize, non-maize C 4 plants (less likely), or maizefeeding/C 4 -feeding animals; and (3) none had entirely C 3 diets.
A plot of d 15 N against d 13 C co reveals that the turkeys have notably higher variability than the humans, partly but not entirely caused by the outliers in the turkey sample, and appear slightly shifted in the negative direction for both values relative to humans (Figure 2) . It is informative that the mean d 15 N of the Middle San Juan turkeys (6.7 ± 1.2‰) is 1.1‰ lower than that of the humans (7.8 ± 0.7‰). Avian muscle d 15 N was shown in one study to be consistently about 1.5‰ lower than bone collagen d 15 N (Hobson and Clark 1992) . If the average d 15 N of turkey muscle is then assumed to have been 5.2‰, then the mean human collagen d 15 N is elevated 2.6‰ from the meat of the turkeys. As it has been shown that mice can have D 15 N collagen-diet ranging from +1.5‰ to +3.4‰ (DeNiro and Epstein 1981) , the observed spacing between turkey and human d 15 N values in this study is consistent with a scenario in which humans were eating turkeys. Additionally, assuming equal d 15 N collagen-diet for humans and turkeys, it is improbable that many of the turkeys were eating human feces. This is because in such a case, the estimated human diet-to-feces enrichment of +1.2‰ would result in turkey collagen d 15 N being higher, not lower, than that of humans (but some specimens' d 15 N are high enough for this to have been possible).
A box and whisker plot of apatite d 13 C sorted by time period (Figure 3 ) reveals that there is not a large difference in medians between Pueblo II and Pueblo III in the Middle San Juan turkey sample. The three Middle San Juan sites exhibit similar medians and distributions in both bone components between periods and between sites, all having occurrences of outliers in the negative direction with the exception of the d 13 C co from the Tommy Site. All outliers in these samples fall below the whiskers, reflecting the negative skew of the data. It is primarily these outliers that distinguish this Middle San Juan turkey sample from Rawlings and Driver's (2010) sample of Pueblo period turkeys from the Northern San Juan region, which was more normally distributed and has a minimum d 13 C co of only -11.4‰.
The specimen (1042.1) with the lowest d 13 C co of -18.1‰ also has one of the highest d 13 C ap, -0.3‰. While one turkey from a Late Pueblo II Virgin Anasazi context had very similar collagen values to 1042.1 (d 13 C co =-18.3‰, d 15 N = 4.5‰; Martin 1999:501) , such a large difference between collagen and apatite values of the same individual have not been observed elsewhere (although stable isotope studies often do not include bone apatite and collagen measurements together). All apatite and collagen samples were measured by the mass spectrometer twice, bone apatite samples were treated physically and chemically to ensure non-biogenic contaminants were removed, and the C:N ratios suggests that no collagen samples were contaminated, so it is likely these results are the actual isotope values of the turkey. It has been suggested that different isotopic values could be obtained from the interior and exterior of long bones if the diet had changed during their recent production (Tykot 2006:136) Period   PIII  PIII  PIII  PIII  PIII  PIII  PIII  PIII  PIII  PIII  PIII  PIII  PIII  PII  PIII  PIII  PIII  PIII  PIII  PII  PII  PIII  PIII  PIII  PIII  PIII  PIII  PII  PII  PII  PIII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII  PII 
-.9 -1.2 --1.3 -1.2 -1.9 -1.3 -2.9 -1.7 -2.2 -2.6 δ 13 C co -9.9 --7.0 -18.1 --7.9 -6.8 -8.4 -6.6 -7.1 -6.8 -7.7 ---6.2 -9.2 -8. 1 -9.7 -9.3 -8.5 -11.1 -8.4 -9.8 -7.4 --9.0 -9.3 -8.2 -14.8 --9.1 -9.6 --9.5 -9.3 -8.3 -7.8 -7.9 -9.9 -8.2 -9.6 -8.1 -9.6 -8.7 -8.2 -8.0 -9.4 -7.4 -7.3 -7.9 -8.4 -9.7 -9.4 -8.2 -7.4 as in a young or growing individual. For all specimens in this study, the bone apatite samples were drilled from the bone cortex, while collagen came from a larger sample of bone that included interior and exterior portions. Specimen 1042.1, a distal tibiotarsus fragment, was determined by its size and texture to be an adult turkey. However, domestic animals raised for meat are likely to have been killed when they reached an optimum weight (Reitz and Wing 1999:297) , which for wild turkeys occurs at no more than ten months of age (Schorger 1966:295-296) . Therefore, it is possible that the diverging d 13 C ap and d 13 C co in specimen 1042.1 represent changes in diet that happened to occur at the right time in its late juvenile period so that the differences in inner and outer parts of the bone were not yet obliterated by isotopic exchange in adulthood. If bone collagen 13 C turnover rate is similarly fast in adult turkeys to that of adult quails (about 200 days, Hobson and Clark 1992b), we would expect an anomaly like this to be rare, but not extremely rare, in a sample of birds that switched seasonally from C 3 to C 4 diets. Before comparing means of subsamples within the sample of Middle San Juan turkeys, a discussion of the assumption of normal distribution is required. The Middle San Juan turkey sample and many of the subsamples' isotopic values are slightly skewed by a few outliers. If the sampled population is actually skewed, then using a t-test to compare means of these subsamples would violate one of the test's critical assumptions: that the populations being sampled are normally distributed. However, Thomas (1986:256-257) wrote that violating the assumption of normality will have a limited effect on the chance of error when applying the t-test provided that: (1) the sample is sufficiently large; and (2) the test is non-directional. Because the t-tests applied here are non-directional, and because most of the subsamples are fairly large (n > 20), there is, then, a low chance of error. However, the Great HouseSmall House subsamples are smaller (n < 15), so those comparisons are not as statistically grounded as the chronological comparisons.
To test for differences between turkeys of different time period and location, a two-sample student's t-test was run on subsamples divided by time period and location, using SPSS at an alpha of .05 for each of three variables: (Table 4) . Because the results of the t-tests may have been affected by outliers, they were rerun after conducting a five percent trim around the mean of each subsample according to the procedure outlined by Drennan (2009:21-23) . After the trim, p values outside the region of rejection were produced for both d 13 C ap (p = .004) and d 13 C co (p = .002) in comparisons of the Great House and the two Small Houses, but not for any of the other comparisons. We cannot interpret this to mean turkeys at Salmon Pueblo had a different diet from those at the other sites. The sample from Salmon Pueblo is small: after the five percent trim it is only 12 for apatite d 13 C and 11 for collagen d 13 C.
The bone apatite and collagen d 13 C values are not strongly correlated with each other within the turkey or human samples (r 2 = .07, .04 respectively). The lack of correlation is somewhat surprising because each pair of apatite and collagen samples is tied to one individual. It is possible the samples do not have wide enough ranges of values to capture the linear relationship between the two bone components. When we plot d 13 C ap against d 13 C co (Figure 4) , it is apparent that both the humans and the turkeys exhibit a closer fit to Kellner and Schoeninger's (2007) that those diets did not include large amounts of protein from C 3 -fed animals. The apatite-collagen spacing model suggests the humans were consuming a C 4 source of protein (maize-fed turkeys such as the ones in this study would be a likely source), but it could also be the result of an extremely low protein diet. When a diet is too low in protein, more carbon may be mobilized from carbohydrate components of the diet for the synthesis of collagen (Tykot et al. 2009:161) . Either way, the collagen-apatite spacing of human (and turkey) d 13 C values suggests they did not consume a measurable amount of C 3 protein like artiodactyl meat. It should be noted that the turkey sample size would have been smaller if the minimum number of individuals (MNI) were used. The number of identified specimens present (NISP) was used for convenience, but it is the number of individual turkeys, not bones, that is the true sample size for this type of study. Although Grayson (1984) showed that NISP can be a less problematic tool than MNI for zooarchaeological research, a small sample is nonetheless always problematic.
Conclusions
Use of the domestic turkey appears to have been intensified in the Northern and Middle San Juan regions in the Pueblo II and Pueblo III periods; this is reflected by the increase in the turkey index observed during this time span. However, if there was a change in husbandry practices during this period, it was probably unrelated to the turkeys' diets. The turkeys sampled for this study were mixed C 3 and C 4 feeders, with a greater emphasis on C 4 , and this appears to have been consistent through time and across space. This study provides evidence of a simple food chain proceeding from maize to turkeys to humans in the Middle San Juan region, and it may warrant including the domestic turkey in explanations of the turmoil and demographic shifts that occurred ca. A.D. 1050-1300. The carbon and nitrogen isotope data indicate that humans were either relying on domestic turkey meat (or that of some other C 4 -fed animal) or that they had very low protein diets-in which case turkey meat would have been a highly valued resource. The +1‰ shift in d 15 N of human bone collagen relative to turkey bone collagen allows for the explanation that turkey meat was humans' primary source of protein, but does not necessitate it. The d 15 N values also indicate that the turkeys in general were not eating a measurable amount of human feces, so turkeys recycling the otherwise unused maize product present in feces is unlikely to have occurred at any meaningful scale. It is still possible, however, that turkeys scavenged refuse such as unused ground maize (Badenhorst 2008) . Overall, these data support the idea that turkeys and humans relied on the same crop to survive. Therefore, climatic anomalies could have had a multifaceted effect on the Middle San Juan farmers' ability to supply their nutritional requirements: limiting their overall food production capacity, and also limiting their ability to feed turkeys-an important, perhaps The conclusions made here rely on a few assumptions about how stable isotopes are exchanged and fractionated in the tissues of turkeys and humans. We feel these assumptions are appropriate given the knowledge of isotopic fractionation that has been accumulated through decades of experimental and non-experimental research, but more research of this kind is needed. We also recognize that the temporal and geographic scope of this project, as well as the sample size, were limited. More stable isotope data from turkey bones from a wider variety of locations and time periods could either demonstrate the ubiquity of the maize-turkey complex or reveal more complexity. For example, the few cases of turkeys in this study that had low 13 C values may represent wild turkeys that were hunted by the Middle San Juan inhabitants. Stable isotope studies on turkey bones need not be limited to questions about turkeys themselves. Now that it has been demonstrated that Pueblo II and Pueblo III period turkeys ate maize, turkey bones from older sites could be tested in the future. This could prove indispensable for research into the spread of maize cultivation in the Southwest where human remains are not present or not available to be tested. 
